Utilization of L-malic acid by yeast strain Hansenula anomala IGC 4380 is subject to glucose repression. Derepressed mutants were obtained with UV light by use of the nonmetabolizable glucose analog 2-deoxyglucose as a selective agent. Three mutant strains degraded L-malic acid in the presence of up to 30% (wt/vol) glucose and are of potential interest for the biological deacidification of grape must. The mutant strains, as compared with the parent strain, displayed inverse diauxy in glucose-malate medium, glucose being metabolized only after malate consumption had been completed. Production of derepressed mutants. Mutant strains of H. anomala IGC 4380 resistant to glucose repression of malic acid transport and metabolism were produced by adapting methods described earlier (5, 9, 10). The parent strain was grown with shaking at 25°C in a liquid mineral medium with vitamins and 2% (wt/vol) glucose (MV medium) (8). In the mid-exponential phase, the cells were harvested by centrifugation, washed, and suspended in sterile distilled water. Of this suspension, 0.1-ml samples containing approximately 7 x 107 viable cells were spread on the surface of plates with selective medium. The selective medium was MV medium (8) without glucose and with the following additions: 2-deoxyglucose, 0.4% (wt/vol); DL-malic acid, 0.5% (wt/vol); bromocresol purple, 0.24% (wt/vol); agar, 2% (wt/vol); pH adjusted to 5.5.
The yeast Hansenula anomala is able to use L-malic acid oxidatively as the sole carbon and energy source. It does not ferment malate (7) and transports malate and other dicarboxylates across its plasma membrane by an active proton symport mechanism (2) . H. anomala commonly occurs among the microbial flora of grapes and grape must and frequently participates in the early stage of wine fermentation before ethanol-resistant Saccharomyces strains become dominant (3, 4) . It occurred to us that H. anomala might be used to decrease the malic acid concentration of grape must, when desirable, as an alternative to other biological deacidification methods (for a review of such methods, see reference 1). However, malic acid transport and metabolism by this yeast are repressed by glucose (2) and are therefore not operational when the yeast is growing in grape must and during early vinification.
In the present study we report on the preparation and behavior of mutant strains of H. anomala derepressed with respect to the use of malic acid in the presence of glucose. Incubation was at 25°C in the dark. After about 3 weeks, the plates displayed irregular areas of growth above the agar surface, with a change in color of the pH indicator from green to purple resulting from a pH increase as a consequence of malic acid utilization. Secondary plating on the same medium produced isolated colonies which produced a color change from which 30 strains were picked for further study. These strains were maintained on slants of selective medium.
Test for derepression. To test for derepression, the strains were first grown on 2% (wt/vol) glucose-1% (wt/vol) peptone-2% (wt/vol) yeast extract-2% (wt/vol) agar. From each culture a small amount was transferred to a 250-ml Erlenmeyer flask containing 100 ml of MV medium with DL-malic acid (0.5%, wt/vol) and glucose at different concentrations (2 to 30%, wt/vol) (pH 5.5). Incubation was at 25°C with shaking.
After about 18 h of growth and while the glucose concentration was still high, the cells were harvested by centrifugation, washed twice with ice-cold water, and suspended in ice-cold water to a final concentration of about 25 mg (dry weight) per ml. The activity of the proton-malate symporter was tested either by measurement of the uptake of labeled L-[U-'4C]malic acid or labeled [2,3-'4C ]succinic acid at a saturating concentration or by measuring proton movements associated with malate or succinate uptake. The methods used for testing malate transport were described earlier (2) .
Estimation of amounts of glucose and L-malic acid. The amount of glucose was estimated by the glucose oxidase method (Boehringer-Mannheim Test-Combination; Boehringer-Mannheim GmbH, Mannheim, Federal Republic of Germany). The amount of acid was estimated by the enzymatic method previously (6) described. RESULTS AND DISCUSSION By using the parent strain as a control, the 30 presumptive mutant strains were tested for derepression with respect to malic acid utilization in the presence of glucose. Seven of the strains behaved as the parent strain did. During growth in the glucose-malic acid medium, malic acid had not been consumed and proton-malate transport activity had not developed in samples taken when the glucose concentration was about 2% (wt/vol). However, in cultures of the 23 other strains, L-malic acid disappeared from the medium and active proton-malate transport developed while glucose was present.
Four of the isolated mutant strains (IGC 4380-30, IGC 4380-39, IGC 4380-40, and IGC 4380-41) were tested for derepression of malate utilization in glucose-malic acid medium at high glucose concentrations ranging from 10 to 30% (wt/vol). In contrast to the wild-type strain and with the exception of strain IGC 4380-39, activity of the proton/ malate symport and utilization of malic acid during the first growth phase were observed in the other three strains while the glucose concentration was about 10, 15, 20, or 30% (wt/vol).
Fermentation profiles were obtained for the parent strain and for the mutant strain IGC 4380-41 (Fig. 1) . The parent strain displayed repressed behavior, and growth on malic acid and active malate transport were not observed in the presence of glucose (Fig. la) 56, 1990 The mutant strain transported and consumed malic acid in the presence of glucose (Fig. lb) . Unexpectedly, glucose was not consumed simultaneously with malic acid but only after the latter had disappeared from the medium. Thus the mutant strain displayed a growth behavior which was the inverse of the behavior of the parent strain and for which we propose the name inverse diauxy, i.e., the sequential utilization for growth of malic acid and then glucose.
The biochemical mechanisms underlying the observed inverse diauxy remain to be identified. From an applied point of view, one expects that strains of H. anomala with the diauxy behavior depicted in Fig. lb might be able to deacidify grape must without fermenting the sugars. We are now exploring this possibility by use of microvinifications.
